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@> Improvements relating to liquid crystal devices. 



(§) An improved method of manufacturing liquid 
crystal devices is described. In this method, inspec- 
tion for checking electrical connections is imple- 
mented in advance of the introduction of liquid cry- 
stal material between a pair of substrates. By use of 
this method, it becomes possible to repair the elec- 
trical connections when a defect Is found, and there- 
fore the production yield can be substantially im- 
proved. 
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IMPROVEMENTS RELATING TO LIQUID CRYSTAL DEVICES 



BACKGROUND OF THE INVENTION 

This invention concerns improvements relating 
to liquid crystal devices and in particular concerns 
manufacturing methods for making such devices 
and devices made by such methods. 

In the prior art, liquid crystal devices have 
been manufactured according to a method as - 
schematically illustrated in Fig. 1 of the accom- 
panying drawings. In accordance with this method, 
transparent patterns, i.e.. transparent electrodes 
and lead lines, are formed on the insides of a pair 
of substrates. The pair of substrates are mated to 
produce a matrix electrode structure and liquid 
crystal material is introduced between the sub- 
strates to define a liquid crystal layer there- 
between. Integrated circuits required to be asso- 
ciated with the liquid crystal devices are formed as 
flat-pad-packages or dual-in-line packages and are 
mounted on a flexible printed circuit (FPC) sheet or 
on a printed circuit board (PCB), and the lead Vines 
of the liquid crystal device are interconnected with 
the printed circuit by means of solder or conduc- 
tive rubber connectors. Thereafter, the liquid cry- 
stal devices are suitably packaged, checked and 
marked, and are then ready to be distributed to 
users. 

The disadvantage of such a method is that the 
mounting of the 1C chips and the interconnecting of 
each lead of the liquid crystal device with the 
printed circuit is necessarily effected as an inter- 
mediate stage in the manufacture of the liquid 
crystal device, and can be tested only after com- 
pletion of the Squid crystal device itself. Because oi 
this, the production yield is inevitably reduced by 
defective products. 



OBJECTS AND SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a method of manufacturing liquid crystal 
devices which is capable of providing high produc- 
tion yield. 

It is another object of the invention to provide a 
method of manufacturing liquid crystal devices with 
high reliability. 

It is a further object of the invention to provide 
a method of manufacturing liquid crystal devices 
with low production cost 

According to the present invention in one of its 
aspects there is provided a method of manufactur- 
ing a liquid crystal device comprising: 
preparing a pair of substrates; 



forming an electrode arrangement on one 
surface of each of said substrates; 

mating said pair of substrates with said elec- 
trode arrangements opposed to each other; 
5 disposing a liquid crystal material between said 
mated substrates; and 

enclosing said substrates with the liquid crystal 
therebetween; 

said method being characterized in that the 
w performance of said electrode arrangements are 
checked in advance of the introduction of said 
liquid crystal material between the mated sub- 
strates. 

In another aspect the present invention pro- 
fs vides a method of manufacturing 6quid crystal de- 
vices comprising: 

forming electrode strips and lead pads on a pair 
of substrates: 

mounting at least one IC chip on at least one of 
20 said substrates; 

connecting the electrodes of said chip and said 
lead pads on said substrate; 

checking the connections between said elec- 
trode strips and said IC chip; and 
25 mating said pair of substrates and disposing a 

liquid crystal mating between said substrates after 
said checking step. 

in yet another aspect, the present invention 
provides a method for manufacturing liquid crystal 
so devices, each device comprising a pair of sub- 
strates, a liquid crystal layer in between said sub- 
strates, an electrode arrangement for said liquid 
crystal device, and an IC chip for driving said 
device, said method being characterized in that 
35 electrical connections are inspected before the liq- 
uid crystal material is introduced into the device. 

Yet another aspect of the invention comprises 
a method of manufacturing a liquid crystal device 
comprising: 
40 preparing a pair of substrates; 

forming a conductive electrode pattern on said 
substrates for driving said liquid crystal device; 

juxtaposing said substrates with said electrode 
patterns opposed; and 
45 disposing a liquid crystal layer between said 

substrates; 

said method being characterized in that at least 
one of said substrates is provided with a metallic 
peripheral circuit, 
so Another aspect of the invention comprises a 
method of manufacturing a liquid crystal device 
comprising: 

preparing a pair of substrates; 

forming an electrode arrangement for said liquid 
crystal on said substrates; 
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juxtaposing said substrates; and 
disposing a liquid crystal layer between said 
substrates; 

said method being characterized in that the 
electrode arrangement forming process comprises 
the following steps in sequence: 

(1) forming a metallic peripheral circuit on at 
least one of said substrates: 

(2) forming a transparent conductive film on 
said substrates; and 

(3) patterning said transparent conductive 
film to produce an electrode pattern for driving said 
liquid crystal device. 

A further aspect of the Invention provides a 
method of manufacturing a liquid crystal device 
comprising: 

preparing a pair of substrates: 
forming-an electrode arrangement for said liquid 
crystal device; 

disposing a liquid crystal layer between said 
substrates; 

said method being characterized in that the 
electrode arrangement forming process consists of 
the following steps in sequence: 

(1) forming a transparent conductive film on 
said substrates; 

(2> forming a metallic peripheral circuit 'on at 
least one of said substrates; and 

(3) patterning said transparent conductive 
film to produce an electrode pattern for driving said 
liquid crystal device. 

Yet a further aspect of the invention provides a 
method of manufacturing a liquid crystal device 
comprising: 

preparing a pair of substrates; 
forming an electrode arrangement for said liquid 
crystal device; 

disposing a liquid crystal layer between said 
substrates; 

said method being characterized in that the 
electrode arrangement forming process comprises 
the following steps in sequence: 

ft) forming a transparent conductive film on 
said substrates: 

(2) patterning said transparent conductive 
film to produce an electrode pattern for driving said 
liquid crystal device: and 

(3) forming a metallic peripheral circuit on at 
least one of said substrates. 

These and further aspects and features of the 
present invention are set forth with particularity in 
those possessed of the relevant skills from consid- 
eration of the following descriptions of exemplary 
embodiments given with reference to the accom- 
panying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 is an explanatory diagram of a prior art 
process for manufacturing liquid crystal devices; 
s F\g£ is a partial view m cross section show- 

ing an example of a liquid crystal device manufac- 
tured in accordance with the present invention: 

Fig.3 is an explanatory diagram 
schematically showing a process for manufacturing 
w liquid crystal devices in accordance with the 
present invention; 

Fig .4 is a flow chart showing the manufactur- 
ing steps involved in a first embodiment of the 
process of the present invention; 
re Rg.5 is a flow chart showing manufacturing 

steps involved In a second embodiment of the 
process of the present invention; 

Fig .6 is a flow chart showing manufacturing 
steps involved in a third embodiment of the pro- 
20 cess of the present invention: 

Fig.7 is a flow chart showing manufacturing 
steps involved In a fourth embodiment of the pro- 
cess of the present invention; 

Fig .8 is a flow chart showing manufacturing 
26 steps involved in a fifth embodiment of the process 
of the present invention; and 

Flg.9 is a flow chart showing manufacturing 
steps involved in a sixth embodiment of the pro- 
cess of the present invention. 

30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 Referring to the flow chart of Fig.4 and the 

partial sectional view of a finished product shown in 
Fig.2. a process of manufacturing a liquid crystal 
device in accordance with the present invention will 
hereinafter be explained. On glass substrates 1 and 

•» 1' which are cleaned in advance (step 401). respec- 
tive transparent electrodes 2 and 2* in the form of 
parallel lines, metallic lead lines 4 and 4' and other 
electrode patterns for coupling to peripheral circuits 
are formed (step 402). The thickness of the trans- 

45 parent electrodes is no more than turn. An IC chip 
5 is mounted on the substrate 1 and is connected 
to terminal pads of the lead lines (step 403). The IC 
has bonding pads on the bottom surface thereof 
and is connected to the lead line pads by copper 

so bumps, or gold and/Or solder bumps, or with a 
conductive paste such as a paste load ed with 
silver or copper. Then, the formation of the elec- 
trode pattern and the electric connections of the 
electrodes with the IC chip 5 are checked (step 

65 404). The steps 401 to 404 are called collectively a 
pretreatment procedure. Then, in order to prevent 
the connections of the IC chip with the lead line 
pads from disconnecting, the IC chip 5 is encap- 
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sulated with an epoxy resin 7 by potting molding. 
The epoxy resin remains soft even after it has 
cured so as not to produce local str ss at the 
connected pads of the IC chip 5. 

Next, very thin organic films are formed on th 
inside surfaces of the substrates 1 and V over the 
electrode patterns, and are rubbed to produce ori- 
ented films (step 405). The thus processed sub- 
strates 1 and 1' are then provided with epoxy resin 
layers 12 on their peripheries by screen printing 
and are mated with each other with their parallel 
electrode strips 2 and Z forming a matrix structure 
in combination {step 406). The peripheries of the 
substrates 1 and V are pressed together at an 
elevated temperature (step 407) so that the epoxy 
resin is thermally cured and the substrates are 
fixed to each other with a spacing of from 1 to 10 
microns, e.g. 2 microns, between the opposed sur- 
faces of the electrodes 2 and 2*. After this step, the 
electrical circuit thus constructed is checked (step 
408) because any necessary repair can be under- 
taken only before liquid crystal material is intro- 
duced. Then, keeping the mated substrates in 
vacuum, liquid crystal material is disposed between 
the substrates (step 409). The substrates are 
pressed again at an elevated temperature (step 
410) to compensate for the bulging of the pair of 
substrates due to the liquid crystal disposed there- 
between. After filling the space between the sub- 
strates with the liquid crystal material, the access 
opening which was provided at the periphery of the 
pair of substrates to enable the liquid crystal ma- 
terial to be introduced is sealed with an ultra-violet 
fight curable organic resin (step 411). The condition 
of the liquid crystal material introduced into the 
device is then examined and. if it is satisfactory, a 
polarizing plate (not shown in Fig.2) is placed on 
one or both of the substrates after cleaning the 
surface of the substrate depending upon whether 
the device is a reflection or a transmission type 
device respectively (step 412). 

The peripheral portion of the device, including 
the IC chip, is then sealed in order to protect the 
device from harmful environments, by use of a 
moulding material 8 provided within a metallic 
frame 11 (step 413). In Fig.2, the reference 10 
designates a flexible connector of a flexible printed 
circuit which is connected with lead lines provided 
on the substrate 1. This connection may be imple- 
mented just before carrying out the moulding using 
the material 8. but preferably is effected before the 
liquid crystal material 3 is introduced into the de- 
vice. 

The device thus constructed is then ready for 
final inspection (step 414), marking and packaging 
(step 415) and distribution (step 416). 

Referring to Rg.5, the process according to a 
second embodiment of the present invention is 



explained therein. This embodiment differs from 
the preceding embodiment in its pre-treatment pro- 
cedure, and the steps which should be substituted 
for the steps 401-404 of Fig.4 are shown in Rg.5, 

s the remaining steps being the same. After cleaning 
the pair of substrates (step 501), the periph ral 
circuits are formed by screen printing (step 502), 
and transparent electrodes made of indium tin ox- 
ide are formed by sputtering onto the portions of 

to the substrates which in the finished device are to 
be located contiguous to liquid crystal material 
(step 503}, and are then formed into column strips 
and row strips which collectively constitute a matrix 
structure (step 504). The formation of the transpar- 

rs ent electrodes is preferably carried out in accor- 
dance with the method disclosed in Japanese Pat- 
ent Application No. Sho.59-211769 filed on October 
8th, 1984 and entitled "Machining by photo pro- 
cess" and Japanese Patent Appli cation No. 

20 Sho.61 -186202 filed on August 8th. 1986 and en- 
titled "Process for forming conductive film on a 
substrate". The process can be implemented with- 
out making use of photo resists, and therefore the 
procedure can be very much simplified. Then, the 

x IC chip is mounted on one substrate by copper 
bumping and silver paste (steps 505) by coating 
lead Roe pads in the form of copper bumps with 
conductive silver paste, mounting the IC chip with 
its bottom pads coincident with the paste covered 

so lead line pads, and pressing the IC chip against the 
pads at a temperature of 1 50-200 "C so that even- 
tually the pads of the IC chip and the lead fine 
pads on the substrate become fixed together and 
electrically connected with each other. 

35 Next the device as thus far formed is elec- 

trically inspected. In doing so, probes are con- 
tacted with electrode pads formed on the substrate 
other than those on which the IC chip is mounted, 
while counterpart electrode pads on the other sub- 

M> strata are supplied with electric power and timing 
signals. Then, by means of this test configuration, 
the insulation resistances between adjacent trans- 
parent electrodes and lead lines are investigated, 
the function of the IC chip is investigated, DC 

45 testing is effected, the contact resistance between 
each pad of the IC chip and a counter pad on the 
substrate is Investigated, and the sheet resistances 
of the transparent electrodes and of the lead lines 
are investigated. 

so If the result of these investigations suggests 
that the IC chip is defective, another chip is substi- 
tuted for the defective chip. If the insulation resis- 
tance between the electrodes or the lead lines is 
not sufficient, any residue therebetween is re- 

ss moved, e.g. by etching. By virtue of these tests 
being carried out at an intermediate stage so that 
any defects can readily be remedied, production 
yields of finished liquid crystal devices can be 
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expected to be higher than 90%. 

Referring to Fig.6. a third embodiment of th 
present invention is explained therein. This em- 
bodiment differs from the first embodiment also 
only in the pre-treatment procedure and the steps 
which ar substituted for the steps 401-404 of Rg.4 
are shown in Rg.6. After cleaning the pair of sub- 
strates (step 601), transparent conductive films are 
formed on those surfaces of the substrates which 
are to be located contiguous to the liquid crystal 
(step 602). followed by forming the peripheral cir- 
cuit by screen printing (step 603}, patterning the 
transparent film by laser scribing with an excimer 
laser (step 604) and mounting of the IC chip on the 
substrate (step 605). The laser scribing is carried 
out as a linear scribing, that is to say the laser 
beam is shaped into a flat beam having a cross 
section in the form of- a line. The pulse width is not 
more than 20 nano sees. 

In this embodiment, as a first procedure, trans- 
parent conductive patterns are formed on the bare 
substrates. Because of this, high quality conductive 
films and good proximate contact between the 
films and the substrates are achieved. The trans' 
parent conductive film is. however, exposed to a 
high temperature (400-500 *C) during baking of the 
peripheral circuit after screen printing. 

Referring to Rg.7, a fourth embodiment of the 
present invention is explained therein. This em- 
bodiment also differs from the first embodiment in 
the pre-treatment procedure, and the steps which 
are substituted for the steps 401-404 of Rg.4 are 
shown in Rg.7. After cleaning the pair of substrates 
(step 701). the peripheral circuit is formed by 
screen printing (step 702), followed by mounting of 
the IC chip (step 703). and the formation and 
patterning of transparent conductive films made of 
indium tin oxide on the portions of the substrates 
which are to be located contiguous to the liquid 
crystal material (step 704). When the transparent 
conductive film is formed by sputtering, vacuum 
evaporation is necessary for deposition because 
the film cannot be deposited in a piasma atmo- 
sphere. The other manufacturing conditions are the 
same as in the second embodiment 

Referring to Rg.8, a fifth embodiment of the 
present Invention is explained. This embodiment 
also differs from the first embodiment in the pre- 
treatment procedure and the steps which are sub- 
stituted for the steps 401-404 of Rg.4 are shown in 
Fig.8. After cleaning the pair of substrates (step 
801), transparent conductive films are formed on 
the surfaces of the substrates which are to be 
located contiguous to the liquid crystal (step 802), 
followed by forming the peripheral circuit by screen 
printing (step 803), mounting the IC chip on the 
substrate (step 804), and patterning the transparent 
film (step 805). Although the production yield might 



be lower than in accordance with the foregoing 
embodiments, this embodiment is desirable when a 
measure is wanted to meet with electrostatic break- 
down of an IC chip being mounted on the electrode 

5 pattern. 

Referring to Rg.9. a sixth embodiment of the 
present invention is explained. This embodiment 
also differs from the first embodiment in the pre- 
treatment procedure and the steps which are sub- 

w stituted for the steps 401-404 of Rg.4 are shown in 
Rg.9. After cleaning the pair of substrates (step 
901), transparent conductive films made of indium 
tin oxide are formed and patterned onto those 
portions of the substrates which are to be located 

76 contiguous to the liquid crystal (steps 902 and 
903). Then, the peripheral circuit is formed by 
screen printing (step 904), followed by mounting 
the IC chip (step 805), and electrical checking. 
When the transparent conductive film is formed by 

20 sputtering, vacuum evaporation is necessary for 
deposition because it cannot be deposited into a 
plasma atmosphere. The other manufacturing con- 
ditions are the same as in the second embodiment. 
In the foregoing description, although the 

25 mounting of an IC chip is carried out in the pre- 
treatment procedures, the mounting step can alter- 
natively be Implemented after the completion of the 
pre-treatment procedure in the foregoing embodi- 
ment 

30 The invention is not limited to the above par- 
ticular embodiments and many modifications and 
variations will occur to those skilled in the art 
without departure from the spirit and scope of the 
invention as defined in the appended claims. Thus. 

as for example, instead of forming the transparent 
pattern and peripheral circuit separately, they can 
be formed simultaneously by photolithography, in 
this case, the peripheral circuit can be a multi- 
layered pattern formed simultaneously with a por- 

*o tion of the transparent pattern, so that the resis- 
tance of the circuit is re duced. The electrical 
measurements can be performed after mating the 
pair of substrates but before introducing the liquid 
crystal material. However, if an electrical defect 

45 appears in the inside pattern connection, it is not 
readily possible to effect a repair once the sub- 
strates have been assembled together. The present 
invention can furthermore be applied to liquid cry- 
stal devices with thin film transistors and non-linear 

so elements on one of the pair of substrates (so-called 
active matrix type liquid crystal devices), liquid 
crystal shutters, and liquid crystal memories. 
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Claims 

t. A method of manufacturing a liquid crystal 
device comprising: 

preparing a pair of substrates: 

forming an electrode arrangement on one 
surface of each of said substrates; 

mating said pair of substrates with said 
electrode arrangements opposed to each other, 

disposing a liquid crystal material between 
said meted substrates: and enclosing said sub- 
strates with the liquid crystal therebetween; 

said method being characterized in that the 
performance of said electrode arrangements are 
checked in advance of the introduction of said 
liquid crystal material between the mated sub- 
strates. 

2. The method of claim 1 wherein at least one 
said electrode arrangement comprises a transpar- 
ent conductive pattern and a metallic pattern defin- 
ing a peripheral circuit 

3. The method of claim 2 wherein said trans- 
parent conductive pattern is formed by laser scrib- 
ing a transparent conductive layer, and said metal- 
lic pattern is formed by screen printing. 

4. The method of claim 2 or 3 further compris- 
ing mounting an IC chip on said metallic pattern. 

5. The method of claim 4 wherein said mount- 
ing step Is implemented before the mating step. 

6. The method of claim 4 or 5 wherein said 
checking step is implemented also for checking the 
connection and the function of said IC chip. 

7. A method of manufacturing liquid crystal 
devices comprising: 

forming electrode strips and lead pads on a 
pair of substrates: 

mounting at least one IC chip on at least one 
of said substrates: 

connecting the electrodes of said chip and 
said lead pads on said substrate: 

checking the connections between said 
electrode strips and said IC chip; and 

mating said pair of substrates and disposing a 
Squid crystal material between said substrates after 
said checking step. 

8. The method of claim 7 further comprising a 
step of connecting wires and said lead lines. 

9. The method of claim 8 wherein said check- 
ing step is implemented using said wires con- 
nected with said lead fines. 

10. A method for manufacturing liquid crystal 
devices, each device comprising a pair of sub- 
strates, a liquid crystal layer in between said sub- 
strates, an electrode arrangement for said liquid 
crystal device, and an IC chip for driving said 
device, said method being characterized in that 
electrical connections are inspected before the liq- 
uid crystal material is introduced into the device. 



11. The method of claim 10 wherein the func- 
tioning of said IC chip is inspected during the 
inspection of said electrical connections. 

12. The method of claim 11 further comprising 
s a step of encapsulating said IC chip mounted on 

said substrate after the inspection. 

13. A method of manufacturing a liquid crystal 
device comprising: 

preparing a pair of substrates; 
to forming a conductive electrode pattern on said 
substrates for driving said liquid crystal device; 

juxtaposing said substrates with said electrode 
patterns opposed; and 

disposing a liquid crystaJ layer between said 
is substrates; 

said method being characterized in that at 
least one of said substrates is provided with a 
metallic peripheral circuit 

14. The method of claim 13 wherein said me- 
20 tallic peripheral circuit is formed by screen printing. 

15. The method of claim 14 wherein said con- 
ductive pattern is formed by laser scribing of a 
conductive layer. 

16. The method of claim 15 wherein said laser 
2s scribing is implemented with a flat laser beam 

having a linear cross section. 

17. A method of manufacturing a liquid crystal 
device comprising: 

preparing a pair of substrates: 
X forming an electrode arrangement for said 

liquid crystal on said substrates; 

juxtaposing said substrates; and disposing a 
liquid crystal layer between said substrates; 

said method being characterized in that the 
35 electrode arrangement forming process comprises 
the following steps in sequence: 

(1) forming a metallic peripheral circuit on at 
least one of said substrates; 

(2) forming a transparent conductive film on 
40 said substrates; and 

(3) patterning said transparent conductive 
film to produce an electrode pattern for driving said 
liquid crystal device. 

18. A method of manufacturing a liquid crystal 
45 device comprising: 

preparing a pair of substrates: 

forming an electrode arrangement for said 
liquid crystal device; 

disposing a liquid crystal layer between said 
so substrates: 

said method being characterized in that the 
electrode arrangement forming process comprises 
the following steps in sequence: 

(1) forming a transparent conductive film on 
65 said substrates; 

(2) forming a metallic peripheral circuit on at 
least one of said substrates: and 
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(3) patterning said transparent conductiva 
film to produce an electrode pattern for driving said 
liquid crystal device. 

19. A method of manufacturing a liquid crystal 
device comprising: 5 
preparing a pair of substrates; 

forming an electrode arrangement for said 
liquid crystal device; 

disposing a liquid crystal layer between said 
substrates; jo 

said method being characterized in that the 
electrode arrangement forming process comprises 
the following steps in sequence: 

(1) forming a transparent conductive film on 

said substrates; is 

(2) patterning said transparent conductive 
film to produce an electrode pattern for driving said 
liquid crystal device; and 

(3) forming a metallic peripheral circuit on at 
least one of said substrates. so 
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FIG. 3 
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